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Abstract
This study employs simulation analyses to determine the consequences of two search
philosophies. The first is called the a posteriori approach and involves terms selected
arbitrarily by the user without knowledge of the specific content of the documents. The
second is the a priori approach and involves terms selected because the user knows that
the author employed those exact terms in describing his/her findings. Further, the
authors’ combinations of these terms would be known. The results of simulation studies
show that the a posteriori approach was comparable to a random walk. If the need to
correctly identify documents was given high priority, would the a posteriori approach
be discarded and replaced by the a priori approach? The feasibility of the latter can be
seen by the elimination of thousands of hours of effort by users involved in performing
flawed searches and independent replication of extractions of the same documents.
However, are we far enough into the 21st Century and the Information Age to consider
such a change?
Introduction
Articles dealing with literature searches often begin with a statement lamenting the
flaws in retrieval provided by current systems [Allen 2001]. The complaints describe
the overwhelming deluge of documents retrieved leaving the user with the odious task
of manually sifting through them. [Kiernan 2004] Present procedures in finding and
using scientific information to build new descriptions or research strategies represent
an intermediate position between a paper-oriented philosophy and a computersupported one. Bibliographic searching is performed using computerized techniques
while the documents identified are processed using manual procedures. Many flaws in
this present mixture of techniques have been discussed [Aguillo 2000; Allen 2001; Ding
2001; Liu 2004; Lowe 2000; Markov 2004]. One of the more critical ones deals with
the use of computerized search strategies [Brinn 1998; Powell 2003; Rappoport 2003;
Voss 2001].

Current search strategies employ specific elements. These include terms selected from
natural language or fixed vocabularies. The fixed vocabularies have appeal in attaining
standardization across documents. However, there is no restriction on the authors’ use
of vocabulary. This freedom of expression sets the stage for discrepancy between the
authors’ descriptions of content and the indexers’ selection of appropriate descriptive
terms from a fixed list [Horowitz 1982]. These fixed vocabularies may or may not be
current relative to the authors’ introduction of terms and concepts. In addition, these
fixed lists are typically not available to the user when the search is constructed.
Even if the list of indexing keywords were made available to the user, their actual use
in the text is not. While examples abound that show the defects in simply knowing the
terms, each is a single sample from an infinite number of samples dealing with search
issues [Bernier 1961; Blair 1986; Funk 1983; Maron 1977; Weinberg 1988]. As an
example, in attempting to identify the book, Fantasies in Processing [Weiner 2004],
entry of the single term “fantasies” in a popular web-based search engine, resulted in
identification of over 2.8 million hits. Using the term “processing” yielded more than
34 million hits. This book dealt with World Wide Web-based procedures in automated
database construction and management, computerized text analysis and continuing
education. Entering the search string “web-based data management OR web-based text
analysis OR web-based education” yielded over 1.7 million hits. Adding the string
“fantasies in processing” to the “web-based data management, etc.” string yielded
almost 3,000 hits of which one was correct. When only the string “fantasies in
processing” was entered, the search yielded more than 42,000 hits, one of which was
correct. Changing the string to “processing fantasies” yielded approximately the same
number of hits with the correct item identified. Finally, forcing the search to consider
the exact phrase, “fantasies in processing” yielded 17 URL’s all describing the correct
document.
Web page searching uses a set of terms chosen by the authors to characterize the reports
[Lowe 2000; Powell 2003; Rappoport 2003]. These terms may or may not be the same
as those used in the actual document. Indeed, services exist to assist in selecting the
right mix of keywords to enhance recognition by the search software. [e.g., Microsoft
bCentral 2004] Whether or not the terms accurately describe the report, the user is not
made aware of the terms used in describing each page.
Similarly, in searching text, the terms provided by the author could be used as key
indexing terms. One study suggested that there was about 50% agreement between
authors’ selection of keywords and indexers’ choices. [Horowitz 1982] Again, the user
may not be aware of these author-selected keywords. Further, those provided by the
author may not actually occur in the text.
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These findings suggest that using the present search process involving the a
posteriori approach will not be effective in identifying the correct document without
considerable manual effort subsequent to the computer software’s efforts.
Since the user frequently intends to identify and process documents in order to learn
new information, there is no guarantee, a priori, that these exact queries will be known.
More frequently, the user must enter arbitrary individual terms or topics, none of which
are known to be in the documents.
In earlier times, the reason for this was clear. The effort involved in reading and
identifying the authors’ vocabulary and ideas was considerable. With the advent of
high-speed text processing in Windows-based desktop or laptop computers, the need to
function without real knowledge of the authors’ actual vocabulary, ideas and conceptual
issues is less compelling.
Is it worth the effort to have the computer “read” the text and provide true awareness of
contents? The example showed that almost three million documents had the term
“fantasies” and over ten times that many had the term “processing.” Finding the correct
document would be difficult. In contrast, in the last search using the exact phrase
“fantasies in processing,” the user knew precisely what to request because he/she knew
what the authors had used. The retrieval changed in quality to one of specific, relevant
documents.
This study explored the implications of using simulation techniques [Bruce 2000]
representing the present a posteriori process versus the alternative a priori process. The
results of that investigation provided probability distributions representing the
consequences of each search approach. This simulation approach is a feasible
alternative to the thousands of hours of manual effort required in studying the
consequences of computerized searching.
Methods
In the a posteriori approach, the computer software performs the following tasks:
1.
2.
3.
4.

Reads the text.
Matches terms used in the search with those in the text.
Identifies the document containing the terms either singly or in combination.
Prepares a display of the selected data.

These software packages also may include criteria to aid in selecting the more relevant
documents. This approach takes seconds of computer time to obtain the display and

3

hours of manual processing time to identify the correct ones. Combinations of terms
using the Boolean AND or OR operators are called a posteriori Boolean combinations.
The a priori approach is associated with a different strategy. Here, the authors provide
the terms and combinations (called a priori Boolean combinations) to be used in search
and retrieval. The computer software performs the following tasks:
1.
2.
3.
4.
5.
6.
7.

Reads the text.
Identifies the sentences.
Identifies the informative terms (authors’ vocabulary) within each sentence.
Identifies the couplets of these informative terms within each sentence.
Links each couplet with the associated sentence.
Links each couplet and sentence with the appropriate bibliographic data.
Stores the extracted data in a web-based knowledge resource.

The resource displays the vocabulary used by the authors and for each term, the related
terms representing the couplets. Selection of a particular couplet displays the sentences
containing that couplet and, if desired, a seamless link to PubMed enabling retrieval of
the specific document. The complete process (items 1-7) requires approximately 0.6
minutes per document.
A simulation programming language entitled Resampling Stats [Bruce 2000] provides
an easy to learn, powerful capability in describing and assessing situations difficult to
study in real life. Using this tool, the a posteriori approach can be estimated by
generating random terms and comparing these against two designated terms. By
modulating the matching criterion, probability distributions of proportion of matches in
searches can be constructed. In addition, the program can determine the probability
distribution for the matching of both terms.
This same program, with a different matching criterion, can be used to approximate
the a priori approach. The probability for each term and for the pair must approach
certainty (Probability = 1.0).
Results
A Posteriori Boolean Combinations
A program was developed that mimics the selection of two designated terms, each of 6
characters, and the testing of those against the terms found in documents containing 200
terms. The search was performed 1000 times using 100 documents in each set. The
number of articles was counted describing individual matches of designated terms, as
well as matched pairs. The frequency of term matching for each set was displayed as a
4

proportion of the 100 documents. The matching criterion was selected so that the
proportion of articles in a set approximated an average of 80% to 90%. Pairs of matched
terms also were identified.

Figure 1. A Posteriori Matching using Two Designated Terms. The First of the Pair is
Matched with Terms in the Documents.
Figure 1 shows the results of the matching process involving the first term in the search
query. The proportion of matches ranged in value from 66% to 98%. The central value
approximated 83%. The proportion of matches associated with the second search query
term also ranged from 78% to 98% with a central value of 88% (data not shown).
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Figure 2. A Posteriori Matching using Two Designated Terms. The Pair is Matched
with Terms in the Documents.
Figure 2 shows the distribution of proportions of matches for the pair of designated
terms. A success is defined when the both designated terms are matched by terms in the
document. Approximately 80% of the documents in the 100 document sets contained
the pair of designated terms. Matching ranged from 66% to 94%. The sampling
distribution is symmetrical and approximates the Gaussian form. These results are
consistent with the product of the individual probabilities (i.e., 0.83 x 0.88 = 0.79).
A Priori Boolean Combinations
The criterion for recognizing a match was changed to reflect the knowledge possessed
by the user. In this search process, the precise terms used by the authors of the scientific
reports, in combination, are known and used in the search query.

6

Figure 3. A Priori Matching using Two Designated Terms. The Pair is Matched with
Terms in the Documents.
Figure 3 shows the distribution of proportions of paired matches ranging from 81% to
98% with central value approximating 93%. The distribution for the matching of the
first designated term ranged from 85% to 98% and the distribution for the second
designated term ranged from 94% to 100%.
This example approached the exactness of the a priori process although errors (e.g.,
typing or mechanical) were assumed to be present. It showed that as term matching
improved, the recognition of pairs also would improve. When error is eliminated, the
probability is one in describing the recognition of the pair of terms provided by the
author.
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Figure 4. Median Proportions of Matching for 1st, 2nd and Pair of Designated Terms.
Figure 4 summarizes the median proportions of matches associated with five trials
demonstrating differing degrees of accuracy in identifying individual terms and pairs.
The figure shows the proportion of matches for the first term, the second term and the
pair of terms as the matching criteria change. These criteria were set to yield comparable
values in the recognition of first and second designated terms. This simulation involved
10 searches of 100 documents in each trial.
Discussion
This study explored two different search philosophies using computer simulation. The
traditional approach forces the user to guess at the terms that might represent the content
of the documents of interest. Even if the terms are present, the use of these by the
authors remains unknown. This approach has been called the a posteriori search
process because the actual terms and their use can be determined only after the
documents are retrieved.
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Articles have challenged the effectiveness of the indexing process supporting the a
posteriori system. Flaws have been described associated with the selection of keywords
or subject headings. [Bernier 1961; Funk 1983; Kiernan 2004; Spink 2000; Weinberg
1988] The fallibility of manual methods of reading, interpreting and then, selecting
terms has been suggested. Computerized indexing also has been challenged because the
terms can be used in different context and the computer software may not be able to
differentiate the distinctions. The latter is an important consideration as keyword
identification by computer software forms an integral component in execution of search
engines. [Aguillo 2000; Ding 2001; Gondy 2003; Lowe 2000; Powell 2003; Rappoport
2003; Spink 2003]
The title of this report suggests that there is a need for change. When the technology
was not adequate, the emphasis on manual processing was appropriate. However,
methods have existed for at least a decade [Weiner 1997] enabling computerized
identification and extraction of pertinent textual data from scientific abstracts. The time
required to effectively extract, organize and display the data is about 0.6 minutes per
200-300 term document. Since this outlay is a one-time expense, and comparing that
time cost with the hundreds of hours expended by users, feasibility is assured. Given
viable, economical solutions, is the a posteriori search philosophy indeed “broken”? A
recent survey [Kiernan 2004] suggested that it is, in the opinion of responding
professors.
This situation easily could be changed using available computer technology capable of
reading the documents, identifying the vocabulary used by the authors, and determining
the ideas presented in the text. With knowledge of the terms used by the authors
and how these are used in the text, the retrieval process is greatly simplified and
enhanced. This process is called the a priori search system because the user has full
prior awareness of the correct terms. With this approach, the user can spend fulltime
effort in using the relevant information. This transition from a clerical, mechanical
mode to a cognitive one may have additional benefits in terms of more rapid solution
of complex problems. [Weiner 2004]
The simulation analyses raise a question regarding the need for change. With
identification of documents occurring 80% or more of the time, is the present approach
really broken? Clearly, in a time when the information methods were less robust, the
answer would be “no.” However, with the capability to identify the exact terms and
linkages used by the authors, why not take advantage of this? If “yes” designers of
present-day search software must make minor changes. The records of the bibliographic
databases or web pages do not require change, although the records inspected by the
software might be modified. In bibliographic databases, the software already can search
different specified fields and, as such, the title and abstract can be analyzed. In web-
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pages, the text that could be used is available. The software must change from the field
containing keywords to the one containing the descriptive text.
By simply changing the software to identify the provided sentences in the text and then
the informative terms in those sentences, the couplets provided by the authors can be
stored for use. The recognition of informative terms can be managed essentially by
criteria included in the software. The presentation format would require changing. [see
for example, Weiner 1997].
Summary
Individual examples of search failure abound. These examples served to develop
scenarios leading to the development of simulation models giving probability
distributions. The software Resampling Stats was used in this study. This simulation
language was used to explore the consequences of two search philosophies. The
findings support the notion that the a posteriori search process is a random walk
through an unknown field. The ability to recognize individual terms (barring various
sources of error) does not imply that the associated document will be correct. The
simulation exercise suggested that the selection of documents with an a
posteriori Boolean AND combination was comparable to the product of independent
probabilities. Increasing the accuracy in term recognition to 90% or better, the
recognition of pairs improves but not to the degree found in the a priori process.
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